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Abstract
Aim-To establish a definitive set of diag-
nostic criteria in a multicentre European
study a selected number oforal and ocular
tests were performed on a large number
of patients with Sjogrens Syndrome (SS)
and controls. The diagnostic accuracy of
each test for patients with primary and
secondary SS and for controls at different
ages, was studied.
Methods-Each centre received a clinical
chart describing the series of tests to be
conducted. The tests included: question-
naires for dry eye and dry mouth
symptoms, Schirmer's-I-test (ScT), tear
fluid lactoferrin level (TFLL), break-up
time (BUT) and rose Bengal score (RBS)
for the eye evaluation; unstimulated and
stimulated whole saliva collection (UWSC
and SWSC), salivary gland scintigraphy
(SGS), parotid sialography (PS) and
minor salivary gland biopsy (MSGB) for
oral involvement.
Results-Data from 22 centres and 11
countries was collected on a total of 447
patients with SS (246 with primary SS and
201 with secondary SS) and 246 controls
(of whom 113 had a connective tissue
disease without SS). Among the ocular
symptoms, the feeling ofdry eye and 'sand
in the eye' were the ones most commonly
recorded in patients with SS. Similarly,
the feeling of dry mouth, appearing either
spontaneously or when the patient was
eating or breathing, was the most frequent
subjective oral symptom. Among the
ocular tests, ScT showed the best balance
between sensitivity and specificity (76.9%
and 72-4% respectively), while RBS was
the most specific test (81-/7%). ScT and
RBS gave also sufficiently concordant
results. TFLL and BUT gave considerably
less reliable results, which were not con-
cordant with each other or with the other
ocular tests. The quantitative lacrimal
tests ScT and TFLL produced signifi-
cantly different results in elderly controls,
while RBS did not. Abnormal results for
all ofthe ocular tests were less marked and
less frequent in patients with secondary
SS than in those with primary SS. The
oral tests (except SWSC) were generally

more reliable than the ocular tests in diag-
nosing SS. In particular, PS was the most
specific diagnostic tools (100%)), while
MSGB (where the presence of at least one
inflammatory focus was considered as
indicative for the diagnosis) showed a
good balance between sensitivity and
specificity (82.4% and 86.2%, respectively).
The tests showed a good degree of agree-
ment and, with the exception of UWSC,
were not influenced by age. In the oral, as
in the ocular tests, abnormal results were
less frequent and less marked in patients
with secondary SS.
Conclusions-The results clearly show
that ScT and RBS (for the eye evaluation),
and SGS, PS, MSGB and UWSC (for
salivary gland involvement) are the most
reliable tests for the diagnosis of SS. The
clinician should be aware, however, that
the test results may vary depending on the
age of the patient and the type of SS
(primary or secondary).

(Ann Rheum Dis 1994; 53: 637-647)

Many diagnostic tests exist to assess salivary
and lacrimal involvement in Sjogren's syn-
drome (SS), but there is still disagreement
regarding their sensitivity and specificity. 1-3

Thus different sets of classification criteria,
based on different combinations of tests, have
been suggested47 and no consensus has yet
been reached, even though the need for a
definitive set of diagnostic criteria is widely
recognised,8 such as that established by the
American Rheumatism Association for other
connective tissue diseases.9-'1
A multicentre study supported by the

Epidemiology Committee of the European
Community (EEC-COMAC Epidemiology)
was therefore carried out to assess the sen-
sitivity and specificity of various tests as
diagnostic tools for SS, and to formulate a
universally acceptable diagnostic criteria to be
used in future studies. In this paper we present
a detailed report of the results obtained in this
European study, and in particular on the
sensitivity and specificity of each of the ocular
and salivary tests included in the study pro-
tocol. A set of preliminary classification criteria
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Table 1 Questionnaire for eye involvement in Sjogren 's
syndrome

1 Do you have daily, persistent, bothersome
dry eyes? (for more than three months) Y/N/DK

2 Symptoms:
burning Y/N/DK
foreign body sensation Y/N/DK
intolerance to smoke, draft, light Y/N/DK
sticky sensation Y/N/DK
red eyes Y/N/DK
disturbed vision Y/N/DK
itching Y/N/DK
do you use (or have you used) contact lenses? Y/N/DK
if yes, are you (or have you been) intolerant? Y/N/DK

3 Do you use tear substitutes more than three
times a day? Y/N/DK

4 Have you observed persistent or recurrent tear
gland enlargement as an adult Y/N/DK

Y = yes; N = no, DK = don't know.

for SS derived from a multivariate analysis of
the data collected for this study has already
been published."2

Materials and methods
STUDY PROTOCOL

During a preliminary workshop held in Pisa,
Italy in 1988, 29 experts from 12 countries
compared their experience in the field of SS
and established the study design. A clinical
chart was carefully prepared and distributed to
all of the participating centres for the data
collection. Besides the sections for the clinical
and serological evaluation of the patients, the
clinical chart included: (A) a questionnaire
for subjective eye symptoms (table 1); (B) a
form with the tests for the ophthalmological
examination; (C) a questionnaire for subjective
oral symptoms (table 2); and (D) a form with
the tests for the assessment of oral involve-
ment. A limited number of diagnostic tests for
oral and ocular involvement were selected to be
validated, and included in the respective forms
(sections B and D). The precise procedures to
be used in performing these tests was also
defined.'3 The following tests were included:
(1) Schirmer's-I-test (ScT), rose Bengal score
(RBS), break up time (BUT) and the tear fluid
lactoferrin level (TFLL) for the eye evaluation;
and (2) unstimulated and stimulated whole
saliva collection (UWSC and SWSC), minor
salivary gland biopsy (MSGB), parotid sialo-
graphy (PS) and salivary gland scintigraphy
(SGS) for oral involvement.
ScT was to be performed using standardised

tear test strips, placed for five minutes between
the eyeball and the most lateral part of the

Table 2 Questionnaire for oral involvement in Sjogren 's
syndrome

1 Have you had a daily feeling of dry mouth for
--three months? Y/N/DK

2 Do you have difficulties in swallowing dry food
(for instance, crackers) because of dryness
of your mouth? Y/N/DK

3 Do you carry water or a saliva substitute or do
you need water or a saliva substitute at night? Y/N/DK

4 Have you had recurrently or persistently
swollen salivary glands as an adult? Y/N/DK

5 Do you frequently drink liquids to aid in
swallowing dry food? Y/N/DK

6 Does your mouth feel dry when eating or
breathing? Y/N/DK

7 Have you ever had a fungal infection in your
mouth? Y/N/DK

Y = yes; N = no, DK = don't know.

inferior lid, without using previous anaesthetic
eyedrops. The patient was to sit with the eyes
closed, but not squeezed tight. After five
minutes the length of the wetted area of the
strip was measured, starting from the notch
corresponding to the inferior lid margin.'4
RBS was to be performed by placing 25 ,ul

rose Bengal solution in the inferior fornix of
each eye and asking the patient to make 1-2 full
blinks. Afterwards the number of red spots was
counted and scored: 1+ (sparsely scattered),
2+ (densely scattered), or 3+ (confluent) in
three different areas, that is, the lateral and
nasal conjunctiva, and the cornea. The sum of
the scores from the three regions of one eye
formed the RBS of that eye.'5
BUT was to be carried out by placing 25 LI

of a 1% fluorescin solution in the inferior fornix
of each eye and asking the patient to make 1-2
full blinks. Using a slit lamp, the interval
between the last blink and the formation of
growing black holes in the fluorescinated tear
fluid was measured by a stop watch.'6
TFLL was to be measured using a lacto-

plate kit (JDC, Culemborg, The Netherlands).
Briefly, a paper disc was placed in the lateral

I part of the inferior fornix of each eye and
removed when completely damp (usually after
less than five minutes). Each disc was then

I transferred to its corresponding reagent gel in
the lactoplate kit and left for three days at room
temperature. The diameter of the precipitate
ring was then measured and the lactoferrin
concentration calculated using the table pro-
vided in the kit.'7
The specific sequence for the performance of

the four tests for eye involvement was indicated:
(1) BUT; (2) ScT; (3) TFLL; (4) RBS. This
had been established beforehand by the
ophthalmologists in the European Community
Study Group to avoid the possibility of one test
influencing the results of the following one.'3
UWSC and SWSC were to be performed

between 9 and 11 am with the patients fasting
I and no brushing of teeth, mouth rinsing, or

smoking oftobacco for at least one hour before
the procedures were carried out. The patient
was to be seated, inclining forward slightly,
during the tests. The saliva was collected in
conical calibrated tubes; stimulation was
induced by asking the patient to chew on a
2 g paraffin block. Collection time was 15
minutes for the unstimulated test and five
minutes for the stimulated test.'8
MSGB was to be performed according to the

procedure suggested by Daniels. 9 20 After local
anaesthesia, a 2 cm incision was made parallel
to the vermillon border in the middle of the
lower lip, between the midline and the corner
of the mouth. At least five lobes of labial glands
were to be obtained by blunt dissection. All of
the glands were then embedded along the same
plane in paraffin, to provide midplane sections
through all glands. Sections 3-5 m in size were
stained with haematossylin and eosin and
then evaluated under the microscope at 5OX
magnification, using a 10 X 10 graticule to
measure the number of foci per mm2. A focus
was defined as an accumulation of at least 50
inflammatory cells. The percentage of plasma
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cells in the foci, and the presence of duct
alterations or fibrosis were additional changes
to be recorded.
SGS was to be performed using a gamma-

camera apparatus, taking sequential scinti-
grams of the head of the patient (immobilised
in a posterior position) after the intravenous
injection of 10 mCi sodium pertechnetate
99Tcm. Scintigrams were to be taken at two
minute intervals for the first 12 minutes and
then at 10 minute intervals for the following
60-80 minutes. The pattern of tracer uptake in
the salivary glands and its excretion into the
oral cavity were classified according to Shall
et a12' in one of the following four classes:
(1) Normal, when there was a rapid uptake of

the tracer by the glands, with a progressive
increase in concentration in the first 10
minutes and prompt excretion into the oral
cavity within 20-30 minutes, until oral
activity raised glandular activity at the end
of the study;

(2) Mild/moderate involvement, when there
was delayed uptake by the glands, or oral
excretion of the tracer into the oral cavity,
or both, and if at the end of the scinti-
graphic study oral activity was approxi-
mately equal to the tracer concentration in
the glands;

(3) Severe involvement when tracer uptake
by the salivary glands was considerably
reduced and delayed, and oral activity was
not always evident at the time of the final,
static reading;

(4) Very severe involvement, when active con-
centration of the tracer into the gland and
excretion into the mouth were practically
absent.

The recommended procedure for PS was the
following: after catheterisation of the Stensen's
duct (preferably of the right gland), 2 ml of
hydrosoluble contrast media were slowly
injected and antero-posterior and lateral sialo-
grams immediately taken. The presence of
dilatations in the salivary ducts was graded as
follows:22 23 punctate if less than 1 mm in size;
globular if uniform and 1 to 2 mm in size; and
cavitary if irregular and >2 mm in size. A
destructive pattern was defined as complete

Table 3 Demographic data on the SS patients and controls included in the study, and
number ofpatients, divided by disease group, who undenvent each of the ocular and oral
diagnostic tests

Primary SS Secondary SS CTD no SS* Controls

Total number of patients 246 201t 113t 133
Sex ratio (MIF) 13/233 12/189 16/97 12/121
Mean (SD) age (years) 54 (14) 56 (13) 48 (17) 50 (14)
Median age (years) 55 58 50 51

Number of patients who had:
Schirmer's-I-test 228 185 102 118
Rose Bengal score 183 144 62 76
Break up time 173 127 59 77
Lacrimal lactoferrin test 151 104 51 61
Unstimulated saliva collection 131 111 65 71
Stimulated saliva collection 103 84 42 45
Minor salivary gland biopsy 210 154 63 69
Salivary gland scintigraphy 138 93 43 50
Parotid sialography 77 55 21 29

*CTJD no SS = connective tissue disease without SS.
tTmere were 41 patients with systemic lupus, 102 with rheumatoid arthritis, 29 with systemic
sclerosis, five patients with polymyositis or dermatomyositis, 12 with mixed connective tissue
disease, and 12 with other CTDs.
tThe CTD no SS group composed 49 patients with systemic lupus, 34 with rheumatoid arthritis,
11 with systemic sclerosis, seven with polymyositis or dermatomyositis, four with mixed
connective tissue disease, and eight with other CTDs.

destruction of the gland architecture, simu-
lating an invasive neoplastic process.
For the patient selection each participating

centre was asked to enroll 40 consecutive
patients subdivided as follows: 10 patients with
primary SS, 10 with secondary SS, that is,
patients with SS and an associated connective
tissue disease (CTD), 10 with CTD but
without SS, and 10 control patients. As it was
agreed that no single diagnostic tool is able to
establish a preliminary diagnosis of SS, the
initial classification of every patient as SS or
non-SS, and his inclusion in the corresponding
disease group, was made solely on the basis
of the clinical judgement of the observer
and independently of any single diagnostic
parameter. This procedure was similar to
the one used by the American College of
Rheumatology for the revision of classification
criteria for rheumatoid arthritis.9 The diagnosis
of each CTD was to be made on the basis of
well defined and commonly accepted classifi-
cation criteria.9 1 24 25 In the selection of the
control patients it was recommended to choose
subjects who had also been seen by an expert
on SS and for whom a complete work up could
be justified since they were complaining of
ophthalmological or oral manifestations which
could simulate the clinical features of SS.

DATA ANALYSIS

Data from the participating centres was col-
lected and entered into a database developed
from standard software (Fox Base +/Mac, Fox
Software), running on a Macintosh II computer
(Apple Inc). The accuracy of each test in
classifying the SS and non-SS patients was
analysed using 2 X 2 tables. To reduce the
possibility of selection bias, only data from
centres which provided an adequate number of
both SS patients and non-SS controls and
which performed most of the diagnostic tests
included in the study protocol in both groups
were taken into account to determine the
sensitivity and specificity of each tests.
The degree of agreement between the results

obtained from the different diagnostic tests
in the patients and controls was quantified
using Cohen's kappa26 and Gower's similarity
coefficient.27 Values of kappa greater than 0 75
were taken to be indicative of strong agree-
ment; between 0 40 and 0 74 fair to good
agreement, and below 0 40 poor agreement.
The similarity coefficient was obtained by
dividing the number of concordant results
by the total number of (concordant plus
discordant) observations.

Results
Twenty two centres from 11 countries pro-
vided data on a total of 447 SS patients and
246 controls. Demographic data and a sum-
mary of the tests performed for each disease
group are reported in table 3. In computing the
sensitivity and specificity of the questionnaire
items and the ocular and oral tests, we
excluded the cases from eight centres as they
did not enroll an adequate number of disease
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Table 4 Sensitivity and specificity ofeach ocular and oral test calculated in 136 SS
patients and 118 controls provided by seven centres. They were 74 patients with primar
[mean (SD) age 53 5 (13 6) years], 62 patients with secondary SS [mean (SD) age
(14 2) years], 60 patients with CTDs without SS [mean (SD) age 49-8 (17 6) yearsj
and 58 controls [mean (SD) age 51 7 (13 3) years]. The group ofpatients with seconc
SS included 12 patients with systemic lupus, 28 with rheumatoid arthritis, nine with
systemic sclerosis, two patients with polymyositis or dermatomyositis, eight with mixed
connective tissue disease, and three with other associated diseases. The group ofpatients
CTDs without SS included 15 patients with systemic lupus, 25 with rheumatoid arthrii
eight with systemic sclerosis, six patients with polymyositis or determatomyositis, three a
mixed connective tissue disease, and one with mixed cryoglobulinaemia

Sensitivity Specificity SS patients Cont

Schirmer's-I-test 76-9 72-4 134 116
Lacrimal lactoferrin 78-4 67-6 111 74
Rose Bengal score 64-3 81-7 126 93
Breakup time 77-8 38-9 126 90

Unstimulated whole saliva collection 56 1 80 7 123 83
Stimulated whole saliva collection 66.4 56-4 116 78
Minor salivary gland biopsy* 82-4 86-2 125 87
Salivary gland scintigraphy 87-2 78-9 94 57
Parotid sialography 78-6 100 84 50

*focus score > 1.

K' 1,'/ d -

Figure I Prevalence of different ocular symptoms in patients with Sjogren 's syndrome
in disease controls. Symptoms were recorded using a standard questionnaire for dry eye.
(see table 1).

1:-: .~C:1.

Figure 2 Distribution of Schirmer's-I-test values observed in patients with Sjogren's
syndrome and in controls.

controls (<60% of the number of SS patients).
y SS We then took into account only centres which

nrigorously followed the study protocol, filling
iary in the questionnaires and performing the

entire sequence of both ocular and oral tests in
swith most of the SS patients and controls (that is,

tis, centres 3, 5, 6, 7, 10, 23, 24). Table 4 reports
vith the composition of this final study population,

clinical and epidemiological data of different
trols disease groups, and the sensitivity and speci-

ficity calculated for each ocular and oral test.

OPTHALMOLOGICAL COMPLAINTS IN SS

When the questionnaire for dry eye was
analysed in terms of power of the different
items to discriminate between SS patients and
disease controls, item 1 (feeling of dry eye) and
item 2 (feeling of sand in the eye) showed
the highest accuracy (82-7% and 73/6%
respectively, with a sensitivity of 84-9% and
73.5% and a specificity of 8000% and 73-8%,
respectively).
The prevalence of subjective symptoms of

ocular involvement in patients with SS com-
pared with disease controls is shown in fig 1.
When the prevalence of ocular symptoms in
different disease groups was compared, it is
worth noting that ocular symptoms were more
frequently recorded in the patients with

1$. primary SS than in those suffering from SS
associated with another CTD. For some of the
symptoms, such as sensation of a foreign body
or sand in the eye, burning sensation,
intolerance to smoke and light, and the need
for tear substitutes, this difference was
statistically significant (p < 0 01 for the latter
item, p < 0 05 for the others).

DIAGNOSTIC ACCURACY OF THE

and OPHTHALMOLOGICAL TESTS (SEE ALSO TABLE 4)
s The results obtained from the ScT in patients

with SS (primary or secondary) and without SS
are reported in fig 2. When 5 mm/5 minutes
of wetted paper was considered the cut off
value, this test showed a sensitivity of 76/9%
and a specificity of 7244%. Sensitivity rose to
83/6%, but specificity dropped to 69-8% if
10 mm/5 minutes was chosen as the cut off
value. Although most of the SS patients had
reduced lacrimal flow (ScT below the normal
limits), there were patients with completely
normal lacrimal secretion and some had an
ScT > 10 mm/5 mm (see fig 2).
The RBS distribution in the SS patients

*<g compared with that in the controls is shown in
fig 3. Considering a score -4 in at least one
eye as abnormal,15 this test had a specificity of
81 7% and a sensitivity of 64-3%.

A in Figure 4 shows that there was a large overlap

- ptinthe distribution of BUT values in the SS
patio-'e ntsandcntrols When -- I10 s,ec was, taken

a as the cut off value for the break up of the
fluorescinated lacrimal film, BUT appeared
to be a sensitive (77/8%), but not specific
(38-9%) test.
The distribution of TFLL in the two

populations also largely overlapped (fig 5). The
cut off value of I 1 g/L suggested in the
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Figure 3 Distribution o rose Bengal scores obtained in patients with Sjdgren's syndrome
and in controls.

commercial kit was not particularly reliable in
distinguishing SS patients from controls; 87 of
111 patients (78-4%) and 50 of 74 controls
(67-6%) were correctly classified.

AGREEMENT BETWEEN THE

OPHTHALMOLOGICAL TESTS

When the various ophthalmological tests were
compared (table 5), only ScT and RBS showed

Table 5 Comparison between the different testsfor ocular involvement in patients with SS
and in controls. The degree ofagreement between the results, each test being dichotomously
defined as positive or negative, is expressed by means ofCohen's kappa (values reported on
the left in each box), and Gower's similarity coefficient (values on the right, in italics)

an acceptable degree of concordance (Cohen's
kappa >0 40); all the other tests showed very
poor agreement.

INFLUENCE OF AGE ON THE RESULTS OF THE
OPHTHALMOLOGICAL TESTS
When the control population was analysed
separately, both the ScT and TFLL values
were found to be inversely correlated with age
(r=0d18, p<001 and r=0-21, p<003,
respectively). A detailed analysis by age group
showed a significant decrease in subjects more
than 55 years of age (fig 6). A similar trend was
also noted for BUT, although the correlation
with age was less significant (r = 0 18,
p < 0 04), and the change was limited to the
elderly population (over 65), being not pro-
gressive with the increase of age. On the con-
trary RBS did not seem to be influenced by
age.

OPHTHALMOLOGICAL TESTS IN PRIMARY AND

SECONDARY SS

The ophthalmological tests showed less
frequently and less extensively pathological
results in patients with secondary SS than in
those with primary SS. When the mean values
for the two groups were analysed, these
differences were statistically significant for
TFLL (Student's t= 25, p <0 02), BUT
(t=2-75, p<0-01), RBS (t=3-32, p<0.001),
but not for ScT (t = 1-86, p = 0063). When the
results of the ocular tests for the different
CTDs associated with secondary SS were
analysed and compared, no differences in the
pattern of ophthalmological involvement were
found.

Schirmer's-1-test Lacrimal lactofenin Rose Bengal score Break uj

Schirmer's-l-test 1 1 0-374 0-699 0-415 0-706 0-240
Lacrimal lactoferrin 1 1 0-399 0-692 0-335
Rose Bengal score 1 1 0-251
Break up time 1

40

30

20

E %SS patients

El %no SS disease controls

10

*4 It? s0 X o es

-tS In r ,~~~~~O

time (see)

Figure 4 Distribution of tear break up times obtained in patients with Sjogren's syn

and in controls.

p time

0-645
0-706 ORAL COMPIAINTS IN SS
0-617 Figure 7 shows the prevalence of subjective
l symptoms of oral involvement in patients

with SS and in disease controls. Items 1
(feeling of dry mouth), 2 (difficulties in
swallowing dry food), and 6 (feeling of
dryness when breathing or eating) from the
questionnaire were the complaints with the
highest discriminating power between SS
patients and disease controls (accuracy 81 8,
747 and 74-4%, sensitivity 81-4, 62-3 and
62.5%, specificity 82-4, 89-5 and 90-2%,
respectively). The complaint of recurrent
salivary gland enlargement (item 4) had low
sensitivity (36-4%), but very high specificity
(98.1%).
Among the different disease groups all of

the symptoms of oral involvement, with
the exception of item 7 (recurrent fungal
infection in the mouth), were more frequently
noted in the patients with primary SS than
in those with the secondary disease. This
difference was particularly significant for the

A symptom of recurrent salivary gland enlarge-
ment (47-1% in primary SS v 21-2% in
secondary SS, p<0-0001), and that of the
need for water or a saliva substitute (600% in

drome primary SS v 43-4% in secondary SS,
p < 0-001).
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i:1 Cc;.S>;Patienlts
:

-- :s[I" Iilsse z11i

-lo

* Schirmer's-l-test (mm/5 mi)
* lactoferrin levels (g/L x 10)

810-25 26-35 36-45 46-55 56-65 >65
Age (years)

Figure 6 Variation with age of Schirmer's-I-test and the
lacrimal lactoferrin values freported as the mean (SE) value]
in controls, showing a significant reduction in both
parameters in individuals over 55 (*p < 0-05 and
**p < 0-02 with respect to the 35-45 year old group).

DIAGNOSTIC ACCURACY OF THE ORAL TESTS

(SEE ALSO TABLE 4)
In fig 8a the distribution of UWSC obtained
in patients with SS is compared with that
observed in the controls. The values of SWSC
observed in the two groups are reported in
fig 8b. The non-stimulated test was better at
discriminating patients from controls. In terms
of accuracy, UWSC had a sensitivity and a
specificity of 56&1% and 8077%, respectively,
with >1*5 ml of saliva collected in 15 minutes
being considered the normal limit. In com-
parison, SWSC showed a similar sensitivity
(66&4%), but a significantly lower specificity
(56-4%) (the cut off value being >3-5 ml of
saliva collected in 5 minutes).

Figure 9 shows the number offoci per 4 mm2
of glandular tissue observed in the MSGB of
patients with SS and in the controls. When
the presence of at least 1 focus/4 mm2 (focus
score - 1) was considered as sufficient to
classify an SS patient, the sensitivity and
specificity ofMSGB as a diagnostic tool for this
disorder were 82.4% and 86.2%, respectively.
If, on the contrary, only the presence of more
than 1 focus/4 mm2 (focus score >1) was taken
to be indicative of a diagnosis of SS, as
suggested by other authors,19 28 29 we obtained
a higher specificity (95 4%), but a significant
decrease in sensitivity (63.2%).
When the results obtained for the four

disease groups were separately analysed it
was noted that 28.6% of the CTD patients
classified as not having SS had a focus score
- 1, while 24-0% ofthe CTD patients included

in the secondary SS groups did not show any
inflammatory focus in MSGB.
The results of the SGS, following the scoring

system suggested by Shall et al,2' are reported
in table 6. The overall sensitivity and specificity
of this diagnostic procedure was 87-2% and
79O0%, respectively.
The different sialographic patterns observed

in the four disease groups are reported, using
the classification suggested by Rubin and
Holt,22 in table 7. The overall prevalence of

i, :j4zzfJa:<|.j.r.i

1'x ]

Figure 8 Distnibution of the valuesfor unstimulated (a)
and stimulated (b) whole saliva collection, obtained in
patients with Sjogren's syndrome and in controls.

Ki

20 -

10(

Figure S Distribution of lacrimal lactoferrin values observed in patients with Sjdgren
syndrome and in controls.

22 -

20 -

18-

16-

14

12

1a

L] SS patients

; 1 S-S disease .1 z

.,J( SI ' ---'1

Figure 7 Prevalence of different oral symptoms in patients with Sjogren 's syndrome and in
disease controls. Symptoms were recorded using a standard questionnaire for dry mouth
(see table 2).
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Table 6 Number and prevalence ofSS patients and controls in whom SGS gave normal and abnormal results (these latter
subdivided by grade of involvement)

Primary SS Secondary SS CTD no SS Controls

Class 1 (normal result) 24 (17.39%) 23 (24-73%) 39 (90 70%) 41 (82-00%)
Class 2 (mild/moderate involvement) 52 (37.68%) 46 (49.46%) 2 (4 65%) 4 (8O00%)
Class 3 (severe involvement) 48 (34 78%) 19 (20 43%) 2 (4 65%) 5 (10-00%)
Class 4 (very severe involvement) 14 (10-14%) 5 (5-38%) 0 (0 00%) 0 (0 00%)

138 (100%) 93 (100%) 43 (100%) 50 (100%)

CTD no SS = Connective tissue disease without SS.
The classification of the scintigrams and the grading of involvement was carried out according to Shall et al."

0-i

IS

S8_
_
Offl
-
B
E EEII
g B
B
*
B
B W
E ES
g s
z
X
g SS
g S
"
5- -

2 -3 4-5 6-7

score

Figure 9 Distribution ofsialoadenitis scores (number offoci/4 mm2) observed in
salivary gland biopsies from patients with Sjogren's syndrome andfrom controls.

true positive results in SS patients was

while that of true negative sialogram
controls was 100%. Thus sialography
oral test with the highest specificity for

AGREEMENT BETWEEN THE ORAL TESTS

The degree of agreement between the c

tests for oral involvement is shown in
The highest level of accordance wa

for PS and SGS (Cohen's kappa 0-74
87/2% concordant results). Acceptabl
ment between results was also foi
MSGB and both PS and SGS, and for
and PS (Cohen's kappa 0-43-0-55, ar
than 70% concordant results). The ag
between UWSC and MSGB was so

lower; if one considered as diagnostic
score of ¢1 or :2, Cohen's kappa wa
and 0-414, and concordant results we
and 70-7%, respectively. The degree c

ment between UWSC and SWSC wa

high as might have been expected, considering
that the two tests are essentially two different
methods of measuring the same parameter.

INFLUENCE OF AGE ON THE RESULTS OF ORAL
TESTS

As with the quantitative tests for tear pro-
duction, the non-stimulated test for saliva
collection showed reduced values in the normal
elderly population. Patients over 65 years of
age had significantly reduced mean (SD)
UWSC values [3-34 (1-9) v 6-46 (4.99) ml/
15 minutes observed in controls aged 35-45
years, p < 0-01]. A similar correlation with age
was seen for SGS. False positive SGS were not
found in controls under 35 years old, whereas
they were observed in 12-5% of normal
individuals aged 36-55 years and in 20% of

8-9 subjects over 56 years of age. However, these
differences were not statistically significant

minor
because of the limited number of cases with
false positive SGS. In contrast, no correlation
with age was observed in the SWSC values in
the normal population.

;78-6%, The presence of inflammatory foci in lip
s in the biopsies of patients without SS did not appear
was the to be significantly correlated with age, whilst
SS. both the presence of duct alterations and fibrosis

appeared to be related to ageing. Controls with
fibrosis or duct abnormalities in their MSGB
were significantly older than patients without

different these features (t=3-674, p<0-001 and t=3-122,
table 8. p < 0-002, respectively). This finding did not
s found depend on the presence of inflammatory
41, with changes in lip biopsy, being also similar when
e agree- patient population was taken into account.
and for Finally, the complete absence of false positive
UWSC sialograms in the control groups seems to
id more indicate that this diagnostic tool is not
reement influenced by ageing.
imewhat
a focus

Ls 0-377 ORAL TESTS IN PRIMARY AND SECONDARY SS
,re 69-4 The oral tests, like the ocular tests, showed less
f agree- frequently and extensively abnormal results in
s not as the patients with secondary SS. When the

Table 7 Number andprevalence ofSS patients and controls in whom PS gave normal and abnormal results (these latter
subdivided by grade of involvement)

Primary SS Secondary SS CTD no SS Controls

Score 0 (normal pattern) 19 (24-68%) 15 (27-27%) 21 (100-00%) 29 (100-00%)
Score 1 (punctate pattern) 15 (19 48%) 17 (30-91%) 0 (0 00%) 0 (0 00%)
Score 2 (globular pattern) 25 (32-47%) 13 (23 64%) 0 (0 00%) 0 (0 00%)
Score 3 (cavitary pattern) 15 (19-48%) 9 (16-36%) 0 (0 00%) 0 (0.00%)
Score 4 (destructive pattern) 3 (3/9%) 1 (1-82%) 0 (0 00%) 0 (0 00%)

77 (100%) 55 (100%) 21 (100%) 29 (100%)

CT1D no SS = connective tissue disease without SS. The classification of the sialograms and the grading of involvement was carried
out according to Rubin and Holt."
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Table 8 Comparison between the different tests oforal involvement in patients with SS and in controls. The degree of
agreement between results, each test being dichotomously defined as positive or negative, is expressed by means ofCohen 's
kappa (values reported on the left), and Gower's similarity coefficient (values on the right in italics).

UWSC SWSC Focus score > 1 Focus score> 1 SGS PS

UWSC 1 1 0 454 0-726 0 377 0-694 0-414 0 707 0-366 0-680 0-438 0 719
SWSC 1 1 0-323 0 675 0 297 0-643 0-221 0 610 0-287 0-642
Focus score > 1 1 1 - - 0-466 0 749 0-438 0-723
Focus score > 1 1 1 0 473 0-732 0-515 0 757
SGS 1 1 0 741 0-872
PS 1 1

Focus score indicates the number of inflammatory foci per 4 mm2 of glandular tissue in MSGB. For other abbreviations see text.

mean values of UWSC obtained in the two
disease groups were compared, patients with
secondary SS seemed to produce a larger
amount of saliva than those with primary SS
(t = 2.15, p < 0 05). This figure was even more
evident when the MSGB focus scores observed
in the two disease groups were compared. The
number of foci found in patients with primary
SS was significantly higher than that observed
in patients with SS associated with other CTD
(t=4 54, p<0-0001). Similar results were
obtained when the SGS scores of primary SS
and secondary SS patients were compared
(t= 2 7, p < 0 01). As far as the sialographic
pattern in the two disease groups is concerned,
the mean score did not significantly differ in
the patients with primary or secondary SS, but
patients with sicca syndrome alone certainly
showed more elevated number of sialograms
with more severe aspects, such as globular,
cavitary and destructive patterns. In only one
oral test, the SWSC, was no significant differ-
ence seen in the results for the primary and
secondary SS patients.
When the results obtained for the oral tests

in patients with different CTD were analysed,
only marginal differences were noted. For
instance, patients with SLE and SS seemed to
have a similar MSGB focus score to that
observed in patients with SS alone, while
the quantity of inflammatory infiltrates was
considerably reduced in the patients with
secondary SS associated with RA or with SSc.
Furthermore, the results of the oral tests
involving the major salivary glands, that is, PS
and SGS, were considerably less abnormal in
the patients with SS associated with RA.

Discussion
In this multi-centre European study on
diagnostic criteria for SS, the accuracy of the
most commonly used tests of oral and ocular
involvement were investigated. In addition,
standardised questionnaires for sicca com-
plaints were used to select the most frequent
and specific subjective symptoms of ocular and
oral involvement in this disease. The study was
carried out by 22 centres from 11 countries,
using a single protocol and enrolling a total of
693 patients and controls.
Among the subjective ocular symptoms the

feeling of dry eye and the sensation of sand in
the eye were the ones which showed the highest
discriminating power between SS patients and
disease controls. Among the ophthalmological
tests, RBS was the most specific for kerato-
conjunctivitis sicca, while ScT showed the best

balance between sensitivity and specificity. On
the contrary, BUT showed too much overlap
between the normal population and patients
with SS, and TFLL did not seem to be particu-
larly useful in the assessment of dry eye.
The feeling of dry mouth was the subjective

oral symptom with the best sensitivity/
specificity ratio, while recurrent enlargement
of the salivary glands, although not very
sensitive, was a highly specific complaint for
SS. Tests for oral involvement in SS showed a
higher degree of accuracy when evaluated
individually, and of agreement when compared
with each other. In particular, SGS and PS
were rather accurate diagnostic tests, also
showing a very high degree of agreement when
compared with each other. MSGB showed a
good balance between sensitivity and speci-
ficity when a focus score 7s 1 was considered
indicative for the diagnosis, and also gave
sufficiently concordant results with both PS
and SGS. Finally, among the tests designed to
quantify saliva production, UWSC was more
reliable than SWSC in discriminating patients
from controls, and gave more concordant results
with the other tests for salivary involvement.
As far as the effect of age on the test results

is concerned, it was found that secretion levels,
as measured by ScT and TFLL for the eye, and
UWSC for the mouth, were significantly
reduced in the elderly population, while tests
assessing morphological abnormalities, such as
the MSGB and PS for the oral involvement
and RBS for ocular involvement, were not
related to ageing.

Finally, the results of all the tests of eye and
oral involvement were less frequently and less
extensively abnormal in the patients with
secondary syndrome than in those with primary
SS. This phenomenon cannot be ascribed
to any particular patterns of exocrine gland
involvement observable in patients with a
specific associated CTD. The major salivary
glands seemed to be less extensively involved
in the patients with SS associated with RA,
while oral involvement in the patients with
SLE and associated secondary SS appeared to
be the most similar to that observed in patients
with the primary syndrome.

Xerostomia and xerophthalmia are the classic
symptoms of SS, arising from a progressive
reduction in lacrimal and salivary secretion due
to inflammatory infiltration and consequent
pathological changes in the corresponding
glands.' An assessment of ocular and oral
involvement in SS is considered essential to the
diagnosis of this disorder and is usually per-
formed by measuring different parameters,
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such as the quantity and quality of secretions
and morphological changes in the glands.
The secretions can be measured quanti-

tatively by Schirmer's test for the eye'4 and by
collecting saliva from the mouth.'8 These tests,
although relatively simple and non-invasive,
seem not to be particularly specific and not
especially sensitive.30 31 It is also well known-
and it has been clearly confirmed in the present
study-that tear secretion, as well as saliva
production, may be physiologically reduced in
the elderly population32 33. It would therefore
be reasonable to establish lower cut-off values
for the tests addressed to quantify saliva and
tear production when administered in an
elderly population.
More recently, measurement of the tear

lactoferrin level'7 has been proposed as a
sensitive method to quantify lacrimal pro-
duction, similar to that which has previously
been suggested for lysozyme detection in tears
and saliva.34-35 The present multi-centre study
does not entirely confirm that, in comparison
with other tests, TFLL is a more valid measure
of tear production. This may be due to the
not entirely reliable results obtained by two
participating centres. Excluding these from the
computation, the Cohen's kappa value obtained
by comparing TFLL and ScT rises from 0 374
to 0-442. However, the fact that these centres
had generated unreliable results suggests that
the supposed greater precision of the TFLL17
could partly be reduced by its low feasibility as
a screening test. Conversely, the observation
that about 15% of SS patients had an ScT over
10 mm/5 minutes (although it might be
supposed that these are patients with a
prevalent oral component and only mild ocular
involvement), confirms that ScT, as well as
most of the ocular tests proposed, are probably
not very reliable.30
The quality of tear production and more

specifically the stability of this secretion is
commonly tested by BUT,36 while abnor-
malities on the eye surface arising from a lack
or reduction of the protective lacrimal film,
are usually detected by the rose Bengal test.
Contrasting results, however, have been
obtained on their sensitivity and specificity as
diagnostic tests for SS.37 38 In this study BUT
did not demonstrate sufficient power to
discriminate between SS patients and controls,
whilst RBS,'5 a quantified version of the
original rose Bengal test,39 proved suitable for
this purpose, since it was the most specific
ocular test. These figures confirm previous
results obtained in a single centre on a more
limited number of cases.40
MSGB, SGS and PS are the tests most

frequently used to explore pathological or more
overtly anatomical changes in the minor or
major salivary glands.4' MSGB is certainly the
test most widely used and, given its high
specificity, it has been suggested as a potential
single diagnostic criterion for SS.5 7 '9 This
proposal is not completely convincing, since
there is some evidence that an abnormal
MSGB may also be found with significant
frequency in conditions other than SS42"7 and
even in normal individuals.48 49 Moreover, it has

been shown that a certain number of patients
with SS may have a negative biopsy: this is
particulary true when a focus score >1 is
assumed to be positive. In previous reports28 5052
a considerable number of patients with SS did
not fulfil this criterion. These observations
were confirmed in the present study, where
about one third of the SS patients did not show
a lymphocytic focus score >1, and more than
25% of those patients with a CTD but not SS
had a focus score - 1.
That the tests exploring the major salivary

gland tests were more specific than the histo-
logical investigation of the minor glands is
not completely surprising and has already
been observed in other studies.53-5 However
MSGB, particularly when the presence of
at least one inflammatory focus/4 mm2 is
accepted as indicative of the diagnosis of SS,
remains a very useful test. In addition, recent
work suggests that some immunohistological
findings may improve the diagnostic accuracy
of this procedure.5-58
The present study indicates that the results

of the salivary gland (MSGB and PS) and
ocular (RBS) tests are not influenced by the
age of the patient, thus confirming their higher
specificity in the diagnosis of SS.19 36 54 These
results do not agree with previous reports,
where the presence of non-specific inflam-
matory changes in MSGB has been found to
increase with age.59 This point remains to be
clarified, however, since contradictory results
have been obtained in necropsy studies aimed
at detecting non-specific sialoadenitis in normal
subjects by lip biopsy.49 60 61 There is a large
body of evidence indicating that most histo-
logical abnormalities (other than inflammatory
foci) are not related to SS, but are rather
dependent on ageing.61 The results of the
present study confirm this statement, showing
that both acinar fibrosis and ductal abnor-
malities are linked to progressive, age-related
involution of the minor salivary glands, and
that they are observed in equal numbers of
patients with and without SS.
The milder expression of the disorder seen

in patients with associated disease in the
present study, had already been observed by
others.62 65 Some of the differences noted in the
present as well as in previous studies between
patients with primary and secondary SS can
probably be ascribed to the diagnostic criteria
employed to classify the patients in one of the
two variants of the syndrome. In patients with
CTD, it is likely that the presence of either oral
or ocular involvement can be considered as
indicative of associated SS, whereas both
lacrimal and salivary gland involvement is
commonly required to establish a diagnosis of
primary SS.62 This hypothesis only partially
explains, however, the differing expression of
the disease in patients with sicca syndrome
alone and in those with secondary SS. It is well
known that some of the clinical aspects of
primary SS, such as recurrent parotitis, have a
different prevalence in patients with SS
associated with RA and other CTD.63 64 This
finding, which is confirmed in the present
study, may explain the milder involvement of
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major salivary glands observed by us, and
previously reported by others,66 in the group of
patients with secondary SS. On the contrary,
among the patients with SS and an associated
CTD, those with SLE seemed to be closest to
the patients with SS alone, in their expression
of sicca syndrome. This observation is not
surprising when one considers the genetic,
clinical and serological similarities between
SLE and SS,67 68 and the genetic and clinical
differences between SS and other associated
diseases.'3 o9 70
The results of our study indicate that no

single test of oral or ocular involvement is
sufficiently sensitive and specific to form the
basis for a diagnosis of SS. In addition, some
of the tests used for the diagnosis of kerato-
conjunctivitis sicca and xerostomia do not
seem to be sufficiently accurate for these
purposes. Only the simultaneous positivity of
various tests which the present study indicates
as being appropriate diagnostic tools, together
with the presence of subjective symptoms and
serological abnormalities, allow sufficient
accuracy in the diagnosis of this disorder. The
preliminary classification criteria recently pro-
posed for this disorder'2 are based directly on
these findings.
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